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^ Masking methods and etching sequences for patterning high density RAM capacitors are also 

provided. — 




□ 



IN THE CLAIMS: 

Please amend the claims as follows. 

Claims not being amended are presented in italics for reference purposes. 

^1 



1. (Once Amended) A method of pattern etching a nobj^metal layer disposed on a substrate 
comprising the steps of: 

a) providing a substrate supporting a barrier/fayer, a noble metal layer on said barrier layer, 
a protective layer on said noble metal layer, a inask layer on said protective layer, and a patterned 
resist layer on said mask layer, wherein said jtfotective layer and said mask layer comprise inorganic 
materials; 

b) pattern etching said mask l^er usingf a^lasma generated from an etchant gas to expose 
a portion of said protective layer; 

c) removing said patterned resist layer lorn saicf mask layer; 

d) pattern etching saidyprotective layer toWffose a portion of said noble metal layer; 

e) heating said nobleinetal layer to a temperature ranging from about 1 50°C to about 500°C; 

f) pattern etching/said noble metal layer using a plasma generated from an etchant gas 
selected from the group consisting of a halogen containing gas, a noble gas, nitrogen, oxygen, and 
mixtures thereof; 

g) removing 9&id mask layer from said protective layer; and 

h) pattern etching said barrier layer using a plasma generated from an etchant gas, to expose 
a portion of said substrate. 
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2. (Once Amended) The method of Claim 1 wherein, after completion of step g), there is residual 
noble metal on a surface of said barrier layer, and wherem^aid mfethod comprises an additional step 
g-2) after step g), in which said residual noble metal ^removed from said barrier layer prior to said 
step (h) pattern etching of said barrier layer. 

3. (Once Amended) The method of Claim 1 wherein said method comprises an additional step 
g-2) after step g), in which residual protective layer material is removed from said noble metal layer. 
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4. (Once Amended) The method/of Claim 
noble metal on a surface of said barrier layertfand 



lerein, after completion of step g), there is residual 
heroin said method comprises an additional step 



g-2) after step g), in which said/esidual nobla mjfctal am any remaining protective layer material are 
removed prior to said step (h/pattern etchingiof saLd barrier layer. 

5. (Once Amended) TMe method of Claim 3 wherein said removing of said protective layer from 
said noble metal layer is' simultaneous with pattern etching of said noble metal layer. 



a:: 



6. The method of Ulaim 1 wherein said mask layer comprises CVD Si0 2 . 



7. (Once Amended) The method of Claim 2 wherein said mask layer and said substrate each 
comprises CVD Si6 2 . 



8. The method of Claim 4 wherein said mask layer comprises CVD Si0 2 - 
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9. (Once Amended) The method of Claim 1 wherein said mask layer comprises a compound 
selected from the group consisting of TEOS, CVD Si% Si 3 N 4 , BSG, PSG, BPSG, and mixtures 
thereof 

10. The method of Claim 1 wherein said barrier layer comprises a compound selected from the 
group consisting of TiN, TiSiN, Ti, WN, TaN t TaSiN, Ta, and mixtures thereof 

11. The method of Claim 1 wherein said protective layer comprises a compound selected from the 
group consisting of TiN f TiSiN, TijWN, TaN t TaSiN, Ta, and mixtures thereof. 
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12. The method of Claim 1 wherein said mask layer has a thickness ranging from about 6000 A to 
about 9 \ 000 A. 



13. (Once Amended) /A method o/fp^ttern etching a noble metal layer disposed on a substrate 
comprising the steps of. 

a) providing a substrate supporting a l/arrier layer, a noble metal layer on said barrier layer, 
an inorganic mask layer on said noble me#l layer, and a patterned resist layer on said mask layer; 

b) pattern etching said mask layer using a plasma generated from an etchant gas to expose 
a portion of saidAioble metal layer; 

c) removing said patterned resist layer from said mask layer; 

d) heating said noble metal layer to a temperature ranging from about 1 50° C to about 500 °C; 

e) pattern etching said noble metal layer using a plasma generated from an etchant gas 
selected from the group consisting of a halogen containing gas, a noble gas, nitrogen, oxygen, and 
mixtures thereof; 

emoving said mask layer from said etched noble metal layer; and 
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g) pattern etching said barrier layer using a plasma generated from an etchant gas to expose 
a portion of said substrate. 
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14. (Once Amended) A method of pattern etching a noble metal layer disposed on a substrate 
comprising the steps of: 

a) providing a substrate supporting a/barrier layer, a noble metal layer on said barrier layer, 
a protective layer on said noble metal layer, a mask layer on said protective layer, and a patterned 
resist layer on said mask layer, wherein/6aid protective layer and said mask layer comprise inorganic 
materials; 

b) pattern etching said ma/k layer usjrrg^a plasma generated from an etchant gas to expose 
a portion of said protective laye 

c) removing said patterned resist lajter/from ssfid mask layer; 

d) pattern etching said protective layeX to expose a portion of said noble metal layer ; 

e) pattern etching/said noble metal lay^r using a plasma generated from an etchant gas 
selected from the group consisting of a halogen containing gas, a noble gas, nitrogen, oxygen, and 
mixtures thereof, at a substrate temperature between about 150°C and about 500°C; 

f) pattern etcning said barrier layer using a plasma generated from an etchant gas to expose 
a portion of said supstrate; and 

g) removing said mask layer from said protective layer. 



75. The method of Claim 14 wherein said barrier layer comprises a compound selected from the 
group consisting ofTiN, TiSiN f Ti, WN, TaN, TaSiN, Ta, and mixtures thereof 



16. The method of Claim 14 wherein said protective layer comprises a compound selected from 
the group Consisting of TiN f TiSiN, Ti, WN, TaN, TaSiN, Ta, and mixtures thereof 




r 



U.S. Express Mail No. EU092830426US 
P^^y Docket No.: AM-2602.C1 



1 7. The method of Claim 14 wherein said mask layer has a thickness ranging from about 6000 A 
to about 9,000 A. 



18. (Once Amended) The method of Claim 1 wherein said mask layer comprises a compound 
selected from the group consisting of TEOS, £VD Si0 2 , Si 3 N 4 , BSG, PSG, BPSG, and mixtures 
thereof. 




19. (Once Amended) A method of^attern etching a noble metal layer disposed on a substrate 
comprising the steps of: 

a) providing a substrate supporting an etch-stop layer, a barrier layer on said etch-stop layer, 
a noble metal layer on said bamer layer, an inorganic mask layer on said noble metal layer, and a 
patterned resist layer on said ^mask layer; 

b) pattern etching s^id mask layen ufcing a pksma generated from an etchant gas to expose 
a portion of said noble metal layer; \\ / 

c) removing said patterned resist lay^r from said mask layer; 

d) pattern etcning said noble metal layer using a plasma generated from an etchant gas 
consisting essentially of a halogen containing gas, a noble gas, and an additive selected from the 
group consisting oi HBr, BC1 3 , and mixtures thereof , at a substrate temperature between about 
150X and about 500°C; 

e) pattern etching said barrier layer to expose a portion of said etch-stop layer; and 

f) removing said mask layer from said etched noble metal layer. 



20. (Once Amended) The method of Claim 19 wherein said method additionally comprises the 
step of etching said etch-stop layer. 
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21. (Once Amended) The method of Claim 19 wherein said ma^k layer comprises a compound 
selected from the group consisting of TEOS, CVD Si0 2 , Si 3 £F^ BSG, PSG, BPSG, and mixtures 
thereof. 



22. (Once Amended) A method of pattern etching a noble metal layer disposed on a substrate 
comprising the steps of: 

a) providing a substrate supporting a/barrier layer, a noble metal layer on said barrier layer, 
a first mask layer on said noble metaH^yer, a second mask layer on said first mask layer, and a 
patterned resist layer on said second mask layer, wherein said first mask layer and said second mask 
layer comprise inorganic materials/ 

b) pattern etching said second mask layer using a plasma generated from an etchant gas to 
expose a portion of said first mask layer; 

c) pattern etching saia first mask 

d) removing said patterned resist 1 

e) pattern etching said noble metal 




pse a portion of said noble metal layer; 
aid second mask layer; 
and said second mask layer using a plasma 



generated from an etchfant gas selected from the group consisting of a halogen containing gas, a 
noble gas, nitrogen, oxygen, and mixtures thereof, at a substrate temperature between about 150°C 
and about 500°C; 

f) pattern ^tching said barrier layer; and 

g) removing said first mask layer from said etched noble metal layer. 



23. (Once Amended) The method of Claim 22 wherein said patterned resist layer is removed from 
said second mask layer during etching of said first mask layer. 
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24. (Once Amended) The method of Claim 22 wherejfi said first mask layer comprises a 
compound selected from the group consisting of Si 3 NyBSG, PSG, BPSG, and mixtures thereof. 



25. The method of Claim 22 wherein said second mask layer comprises a compound selected from ' 
the group consisting ofCVD Si0 2 , TEOS, SLN 4 , BSG, PSG, BPSG, SiC, and mixtures thereof. 

26. The method of Claim 22 whereip said first mask layer has a thickness ranging from about 
3000 A to about 8000 A. 



27. The method of Claim 22 wtyerein said seopnd fnask layer has a thickness ranging from about 
500 A to about 4000 A. 

28. (Once Amended) The/method of Claim 22 wherein said substrate is etched during etching of 
said barrier layer. 
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